I[NTRODUCTION]{.smallcaps} {#sec1-1}
==========================

Pesticide poisoning is an important cause of morbidity and mortality in India.\[[@ref1][@ref2]\] Aluminum phosphide (ALP) is commonly reported from Northern India but is uncommon in other parts of India as well as in rest of the world. Recently, a few cases have been reported from Iran, Jordan, and Morocco.\[[@ref3][@ref4][@ref5]\]

Toxicity of ALP is due to phosphine gas (PH 3). ALP on exposure to moisture or hydrochloric acid releases phosphine (PH 3), which is a mitochondrial poison. At the cellular level, inhibition of cytochrome oxidase leads to disruption of cellular respiration resulting in oxidative stress.\[[@ref2][@ref6][@ref7][@ref8]\] Till date, there is no specific antidote for severe ALP poisoning and treatment is mainly symptomatic. The logical treatment of this cellular dysfunction could be an agent to prevent/protect the cells from the oxidative stress, halting the manifestation due to progressive cellular damage. Various antioxidants such as melatonin have been tried in animal models to counter the effects of PH 3.\[[@ref6]\] In a recent study from Iran, use of N-acetyl cysteine (NAC) has been reported to confer survival benefit along with a reduction in oxidative stress.\[[@ref7]\]

In this study, we observed the effects of NAC, acetylated form of cysteine, on mortality and morbidity in patients with severe ALP poisoning.

Aim {#sec2-1}
---

This was aimed at exploring the effects of NAC on mortality in patients with severe ALP poisoning.

S[UBJECTS AND]{.smallcaps} M[ETHODS]{.smallcaps} {#sec1-2}
================================================

This was a prospective intervention study carried out in the emergency medical unit attached to the Nehru Hospital at PGIMER, Chandigarh, over a period of 1 year. All the patients presenting to emergency outpatient department with alleged history of ingestion of ALP was screened and those with shock were eligible for enrollment in the study. Severe ALP poisoning was defined hemodynamic compromise in the form of shock (systolic blood pressure \[SBP\] \<90) at the time of presentation in a patient alleged to have exposure to ALP. Written informed consent was obtained from the next to the kin of the patient, before randomization.

Patients with doubtful ingestion of ALP consumption, zinc phosphide consumption, those without shock were excluded. Patients having ingestion of ALP along with other drugs or alcohol and patients with past history of allergy of NAC were along excluded.

On an average, our emergency receives around 1000 cases of poisoning every year and around 150--200 cases of ALP poisoning are reported annually. Out of these, 50% report with shock and 80% of the severely poisoned patients die. With a predicted mortality reduction of 50% the sample size calculated with 95% confidence interval (CI) was 50 in each arm; however, only 50 patients could be recruited during the study period, making the study underpowered.

Fifty recruited patients were randomized using computer-generated random numbers into two groups, as the treatment group and placebo group. The treating physician was aware of the treatment group, but the patients and the physician analyzing the results were blinded. The demographic variables and vitals were recorded. Both the groups received the same level of supportive care with gastric decontamination using normal saline being performed in both. NAC was administered to one group after dissolving the dose in 5% dextrose and the other group received only 5% dextrose (placebo). The patients were followed duly for the development of complications/improvement in the clinical state by monitoring vitals, electrocardiogram (ECG), arterial blood gas, liver function test, renal function test, and signs of capillary leak syndrome. The vitals and ECG were repeated every 2 h till the time of death or recover.

The primary endpoint in the study group was mortality. Secondary outcomes measures studied were duration of stay, secondary complications such as hepatic failure, multi-organ dysfunction syndrome, and capillary leak syndrome.

The dose of NAC used was same as recommended for use in paracetamol poisoning. A total of 150 mg/kg was administered intravenously over 1 h after dilution in 200 ml of 5% dextrose, followed by 50 mg/kg in 500 ml of 5% dextrose over 4 h, followed by 100 mg/kg in 500 ml over 16 h.

A contiguous variable such as BP, pulse rate, and heart rate (HR) was analyzed by Student\'s *t*-test results expressed as mean or median. For categorical data such as mortality, proportions within the groups, and the relative risk of death in the NAC as compared with the placebo group was calculated with 95% CIs, with Chi-square test or Fisher exact test. Kaplan--Meier curve was plotted to compare the mortality between two groups. The analysis was performed according to the intention-to-treat principle. No interim analysis was performed during the study period.

R[ESULTS]{.smallcaps} {#sec1-3}
=====================

A total of 115 patients reported to the emergency with alleged consumption of ALP. 53 patients were fulfilled the inclusion criterion over a period of 12 months, but data from only 50 were available for final analysis. Among the total study group, 70% were males (38% in NAC group, 32% in placebo) and 30% were females. Majority of our patients were in the second to fourth decades of life with 64% of them under 30 years of age. In our study placebo group had younger patients (*P* value \<0.048). 54% of the study population reached the hospital within 3 h of ingestion and there was no delay in institution of therapy in the two groups \[[Table 1](#T1){ref-type="table"}\]. Both the groups received the same level of care with gastric decontamination using normal saline being performed in both. None of the patients received treatment with vegetable/coconut oil. Since all the patients had severe poisoning with shock, all of them received inotropic support. The overall level of supportive treatment was the same with all patients needing multiple inotropes during the course of illness.

###### 

Baseline characteristics of the study population (*n*=50)

![](IJCCM-21-836-g001)

Shortness of breath (86%), oliguria (80%), vomiting (78%), and altered sensorium (24%) were the primary symptoms. The frequency of occurrence of symptoms was equal in both the groups \[[Table 1](#T1){ref-type="table"}\].

Overall mortality in the study population was 88%. In NAC group, the unfavorable outcome was seen in 87.5% whereas in the placebo group, it was seen in 88.5%. There was no statistically significant difference in the outcome among the two groups \[[Table 1](#T1){ref-type="table"}\].

Most of the patients in the study group died within 12 h of admission (70.5%). Only 10 patients (9.1%) survived for more than 24 h. Out of these 10, 6 patients ultimately survived and were discharged.

The baseline HR and central venous pressure (CVP) were significantly elevated in the nonsurvivors in both the groups. The HR and SBP responded to treatment in survivors and the mean duration of improvement in these parameters was 9 ± 2.1 h. The mean pH and HCO~3~ levels were significantly different in survivors as compared to nonsurvivors at presentation \[[Table 2](#T2){ref-type="table"}\]. Mean pH and HCO~3~ levels improved in survivors but the time taken for improvement in these parameters was 11 ± 1.4 h.

###### 

Biochemical and hematological parameter in the study group

![](IJCCM-21-836-g002)

In the NAC group, mean total leukocyte count (TLC) was 20,500 and mean platelet count was 257,000 in the nonsurvivors whereas in the survivors, mean TLC was 11,400 and mean platelet count was 262,000, this difference was statistically significant (*P* = 0.005). In the placebo group, both the TLC and platelet count were comparable in survivors and nonsurvivors.

Baseline renal dysfunction, evidenced by raised serum creatinine and transaminitis, evidence by 3-fold rise in liver enzymes, in both the groups was associated with adverse outcome. These levels returned to normal in survival by the time of discharge. There was however no difference in serum potassium and magnesium levels, amongst survivors or nonsurvivors, in both the study groups \[[Table 2](#T2){ref-type="table"}\].

Among the study population, 68% had ECG abnormalities whereas 32% had normal sinus rhythm. The presence of an abnormal ECG was significantly associated with adverse outcome in both the groups (*P* ≤ 0.001).

The Mean dose NAC administered in survivors was 19 g and in nonsurvivors was 12.15 g. This difference was statistical significant. This disparity could be due to early mortality (\<6 h) which devoid the nonsurvivors of getting a full dose of NAC. No significant side effects were encountered in the patients receiving NAC.

Hemodynamic parameters in nonsurvivors were similar in both the groups at 6 h, 12 h, and 24 h interval. Survivors in both the groups responded equally to standard treatment with inotropes and sodium bicarbonate therapy. Out of the 10 survivors at 24 h, requirement for inotropes did come down only in 6 ultimate survivors.

The total duration of stay in the hospitals in survivors in both groups was also comparable. Only 1 patient in each group developing hospital-acquired pneumonia. Out of the 6 survivors, 3 in each group, none developed evidence of capillary leak syndrome. There was no delayed complication in survivors at 2 weeks follow-up.

When we plotted the Kaplan--Meier curve, we observed that there was no statistically significant difference amongst both the groups as far as survival was concerned \[[Figure 1](#F1){ref-type="fig"}\]. As far as the need for inotropes and duration of survival were considered, NAC administration did not result in significant difference when compared with placebo \[[Table 3](#T3){ref-type="table"}\].

![Kaplan--Meier curve for comparison of survival in both the groups](IJCCM-21-836-g003){#F1}

###### 

Duration of stay of the mortality group (*n*=44)
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D[ISCUSSION]{.smallcaps} {#sec1-4}
========================

This was an intervention study to evaluate the effects of NAC on mortality and morbidity in patients with severe ALP poisoning characterized by shock at the time of presentation. Our study population consisted of 50 patients of which majority were in the second to fourth decades of life with 64% of them younger than 30 years of age. This is similar to our earlier observations that majority of our victims presenting with poisoning are in the age range of 21--30 years (mean age = 27.8 years).\[[@ref1]\] Similarly findings (mean age of 32 years) have been reported from Iran as well.\[[@ref3]\] This indicates that ALP is an agent used commonly by the younger generation for self-harm purpose.

In our study, we observed male preponderance. This is consistent with our own previous experience and the experience world over with males being affected 2--4-folds more with ALP.\[[@ref1][@ref9][@ref10][@ref11]\] Although the exact cause of this association is not known but easier access to the fumigant due to their nature of work may be responsible.

Shortness of breath, oliguria, and vomiting were the dominant symptoms with alteration in mentation being observed in only 25% patients. These results are consistent with earlier observations of many researchers that vomiting, abdominal pain, and anuria are the most common symptoms.\[[@ref2][@ref3][@ref7][@ref12][@ref13][@ref14]\] Vomiting and abdominal pain could be due to local effects of ALP over gastric mucosa and shortness of breath is secondary to myocarditis.\[[@ref2][@ref12][@ref14]\]

Majority (54%) of the patients arrived at our hospital within 3 h of ingestion which is significantly earlier than the 5.3 h observed by Louriz *et al*. and 4.2 h observed by Shadnia *et al*.\[[@ref13][@ref15]\] Early reporting following ingestion could indicate either an increased awareness regarding the potential lethality of this poison or an early referral to a tertiary care center from periphery. Interestingly, it was found that the mortality was very high especially among those who arrived within 6 h of ingestion. It indicates the rapidity of action of this poison, early establishment of tissue hypoxia which might be responsible for mortality even after early institution of supportive therapy.\[[@ref2]\]

As in earlier studies, in our study too, lower SBP, higher HR, and higher CVP (\>18) at presentation were found to be associated with poor outcome.\[[@ref9]\] This indicates severe myocardial depression at presentation to be an indicator of poor prognosis in patients with ALP poisoning. Since the commonly used severity scoring systems (APACHE, SAPS, and SOFA) are not specific to any poisoning, we did not use any of these scoring systems to assess severity. All patients in our study group were comparable in severity as "severe poisoning" due to the presence of circulatory shock.

Among biochemical markers, only serum creatinine \>2 mg% at the time of presentation was associated with increased mortality in both the groups. This result is consistent with the study by Louriz *et al*., where it was shown that serum creatinine influenced the mortality.\[[@ref13]\] There is no evidence to implicate ALP as a direct nephrotoxic agent. Acute kidney injury in this setting is likely to be secondary to severe myocardial depression resulting in persistent hypoperfusion reflecting as the elevated serum level of creatinine.

Mortality of 88% in our study population is higher, but the overall mortality reported in ALP poisoning ranges from 37% to 100%.\[[@ref7][@ref13][@ref15][@ref16][@ref17][@ref18][@ref19]\] This difference could be due to the study design. Our study included patients with established shock, whereas some studies include both normotensive and hypotensive patients in the study population. High mortality rate (\>60%) has been reported from some highly equipped centers.\[[@ref18][@ref19]\] The higher mortality rates at tertiary care centers could be due to a referral bias as more severe patients are referred to these centers and mild cases managed at periphery units or this could be an underestimation as many severely ill patients would die even before they reach tertiary care center.

In one Indian study, where NAC was used in an experimental setup, NAC administration, before exposure to ALP, increased the survival time (*P* \< 0.005), and stabilized the HR and BP in rats.\[[@ref20]\] It was also shown that NAC pretreatment, in addition to posttreatment decreased the oxidative stress on the tissues and thereby increasing the survival.\[[@ref20]\] Similar findings have been reported by Tehrani *et al*. in a prospective study. In this study, NAC administration in high dose (140 mg/kg/intravenous (iv) infusion as a loading dose and 70 mg/kg/iv infusion every 4 h up to 17 doses) resulted in amelioration of the oxidative stress, resulting in significant survival benefit.\[[@ref7]\] These results are in contrast to our findings. The reason could be the fact that NAC was used in a lower dose. There may be a role of NAC in reducing the oxidative stress, but we did not study it. NAC administration in the same dose used to treat paracetamol overdose did not translate into survival/mortality benefit in our study group.

In our study population, there is a statistically significant difference in NAC dose received by survivors and nonsurvivors. Since majority of the severally ill patients died within first 3 h, they may not have received the complete dose of NAC. This indicates that the dosing regimen used in our study may not be ideal for severe ALP patients. We would need to carry the study using a different regimen, where the maximum dose of NAC is administered within first 3--6 h.

Since there is no established clinical scoring system to categorize the severity of the poisoning, it may be difficult to compare two studies as the severity of illness may have been different. Maybe our study population had severe toxicity at presentation and hence no survival benefit was noted with NAC. Larger multi-centric studies are needed to establish the role of NAC in ALP poisoning.

Strengths and limitations {#sec2-2}
-------------------------

This was a prospective study at a single center; therefore almost all the patients received similar kind, supportive therapy in the same setup. Small number of patients, early mortality, and inability to provide a maximum dose of NAC in first 3 h could be the important limitations of our study.

C[ONCLUSIONS]{.smallcaps} {#sec1-5}
=========================

NAC is a powerful antioxidant and has shown a survival benefit in animal models when used as a pretreatment in ALP poisoning. In established cases of severe ALP poisoning, associated with shock at presentation, its administration did not confer any survival benefit. Further studies with the different dosing regimen, in patients with less severe form of poisoning, are warranted.
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